Background. This prospective study aimed at assessing the effect of initial antibiotic therapy on the mortality of patients with hospital-acquired pneumonia (HAP) by analyzing bacterial pathogens and their resistance to antimicrobial agents.
INTRODUCTION
Hospital-acquired pneumonia is one of the most frequent and most severe medical complications in patients hospitalized in intensive care units. It develops mainly in association with invasive airway management and mechanical ventilation. It is an important factor affecting health care economy and often related to bacterial resistance. Understanding the etiology of pathogens and their potential resistance to antimicrobial agents has a major impact on both patients' morbidity and mortality and the economic aspect of their treatment 1 . Pneumonia is diagnosed by assessing clinical signs and detecting etiologic agents. Clinical signs are assessed especially by finding fresh or progressive infiltrates on chest radiographs, together with at least two other signs of respiratory tract infection. From the epidemiological point of view, pneumonia may be either community-acquired (CAP) or hospital-acquired (HAP). CAP is defined by developing in the community outside health care facilities and, if the patient is hospitalized, clinical manifestations within 48 h of hospital admission. HAP may be characterized as pneumonia developing 48 h or more after admission to a health care facility or within 14 days after discharge. More precise classification according to the time of the onset of clinical signs distinguishes early-onset (from 2 to 4 days after admission) from late-onset (from day 5 after admission) HAP.
The most common pathogens causing CAP are Streptococcus pneumoniae, Chlamydophila pneumoniae and Mycoplasma pneumoniae 2 . HAP is mostly caused by endogenous bacterial strains, originating from primary microflora or secondary colonizing bacteria with a higher level of resistance in the early-and late-onset forms, respectively 1, 3 . This knowledge is used to select the proper therapy since the proportion of individual pathogens determines the strategy of initial antibiotic treatment. Adequate antibiotic therapy is an important factor influencing the effectiveness of therapy and, of course, the patient's survival 4, 5 . The prospective study aimed at identifying etiologic agents of pulmonary inflammation in patients with the most severe forms of respiratory insufficiency requiring mechanical ventilation. The objectives were to describe the prevalence of respiratory tract pathogens, to determine their susceptibility to a range of tested antibiotic agents, and to acquire information on the proportion of resistant strains in the population of these pathogens. The impact of adequate antibiotic therapy was assessed, with respect to patient mortality and morbidity rates. If an identical culture, determined as the etiologic agent, was repeatedly isolated from multiple samples obtained from the same patient, only the first isolated culture was included in the study.
MATERIAL AND METHODS
Susceptibility to antibiotics was determined by the standard microdilution method according to the EUCAST criteria 6 . Production of ESBL and AmpC broad-spectrum beta-lactamases was detected by modified DDST and AmpC tests 7 . Positive phenotype results were verified by polymerase chain reaction detecting the bla CTX-M , bla SHV , and bla TEM genes 8, 9 . All Staphylococcus aureus strains were tested for resistance to oxacillin by growth on the CHROMagar TM (Trios) selective diagnostic medium. Positive results were confirmed by detection of the mecA gene 10 . Adequate initial therapy was defined as administration of at least one antibiotic (suitable for treating pneumonia) shown in vitro to be effective against the isolated causative agent.
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Burkholderia cepacia complex (BCC), were analyzed by comparing genomic DNA restriction fragments separated by pulsed-field gel electrophoresis (PFGE). Bacterial DNA was isolated according to Shi et al. and digested with restriction enzymes XbaI (Escherichia coli, Klebsiella pneumoniae, BCC) and SpeI (Pseudomonas aeruginosa) (Fermentas) 11 . PFGE was performed in 1.2% agarose gel. DNA fragments obtained by digestion with XbaI were separated for 24 h at 6 V.cm -1 , pulse times of 2-35 s and 14 °C. For reaction with SpeI, the following parameters were used: 23 h, 6 V.cm -1 , pulse times of 5-60 s and a temperature of 12 °C. Subsequently, the gel was stained with ethidium bromide and photographed. The resulting restriction profiles were compared using the GelCompar II (Applied Maths) software.
RESULTS
From a total of 508 patients, 51 patients met the inclusion criteria (40 males and 11 females; male mean age 47.5 years, range 22-90 years, median age 46 years; female The etiological agens of HAP were identified in 49 patients. In two patients, the etiology of HAP was not defined. In 14 patients (23%), HAP was found to have polymicrobial etiology. The frequency of isolated pathogens was as follows: Klebsiella pneumoniae (32%), Pseudomonas aeruginosa (22%), BCC (10%) and Escherichia coli (8%) (Fig. 1) .
Multidrug-resistant (MDR) strains were identified in 56% of Pseudomonas aeruginosa, 52% of Klebsiella pneumoniae, 25% of Escherichia coli and all the seven BCC ( Table 1 ). Production of ESBL broad-spectrum betalactamases was found in 9 (39%) Klebsiella pneumoniae isolates and in one (17%) Escherichia coli. Constitutive production of AmpC broad-spectrum beta-lactamases was not detected in any of the tested species. The minimum inhibitory concentration values, required to inhibit the growth of 50% or 90% of organisms, and the percentage of resistance for individual antibiotic agents in strains detected in numbers greater than 10 are shown in Table 2 .
During hospitalization, 18 patients died directly due to pneumonia, of which 16 were males and 2 were females (3 patients with early-onset and 15 patients with late-onset HAP). The most frequently isolated species associated with deaths were Klebsiella pneumoniae (10x, including 
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5 MDR strains), Pseudomonas aeruginosa (7x, 4 MDR) and BCC (6x, all MDR). In patients whose death was directly associated with late-onset HAP, the most frequent species cultured from tracheal secretions were Klebsiella pneumoniae (29%), Pseudomonas aeruginosa (23%) and BCC (16%).
Comparison of data on bacterial resistance to antimicrobial agents with the administered initial antibiotic therapy and deaths directly related to HAP suggested that with adequately selected initial treatment, 21 patients survived but 9 died. On the other hand, with inadequate initial antibiotic therapy, 9 patients died and 12 survived. Thus, the mortality rates were 30% and 43% for adequate and inadequate therapy, respectively.
From a total of 52 (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginos and BCC) strains, 50 of them were compared by PFGE. In 2 BCC isolates, genomic DNA of quality sufficient for restriction analysis could not been repeatedly isolated.
Out of 23 Klebsiella pneumoniae isolates, an identical restriction profile was found in 3 pairs obtained from 6 different patients (Fig. 2) . In all cases, the identical strains were collected at intervals longer than 4 months. Among 16 isolates of Pseudomonas aeruginosa, 2 pairs of identical strains isolated in 4 different patients were detected, with the intervals between collections being shorter than 1 month (Fig. 3) . In case of Escherichia coli, all compared strains were genetically different (Fig. 4) . In the BCC group, however, 4 out of 5 tested isolates collected between 19 January and 14 March 2009 from different patients were identical (Fig. 5) .
DISCUSSION
Given the incidence of 51 cases out of a total of 508 patients hospitalized in the Department of Anesthesiology and Intensive Care Medicine in 2009, the prevalence (10%) was at the lower limit of the commonly reported range (9-24%) (ref 3, 12 ). In agreement with the literature, most cases (86%) were late-onset HAP.
Bacterial pathogens associated with the majority of deaths were strains of Klebsiella pneumoniae, Pseudomonas aeruginosa, BCC and Escherichia coli, more than 50% of which were multiresistant. In late-onset HAP, MDR strains accounted for as many as 58% of strains. In earlyonset HAP, the proportion of MDR strains could not been reliably assessed due to the small number of cases.
The mortality rates in patients receiving adequate initial antibiotic therapy were 13% lower than in those treated with antibiotics to which isolated bacterial pathogens were later found to be resistant. According to Fiser's two-sided exact test, the resulting difference in mortality rates between the two studied groups is not significant (P=0.385), because of small set of data. Given the fact that despite adequate initial antibiotic therapy, the mortality rates were relatively high (9 out of 30 dead patients) and mortality is also likely to be influenced by the time of initiation of antibiotic therapy.
In case of the mortality rates in patients with adequate therapy, our results (30%) are in agreement with those by Luna et al. who reported 38% (ref 4 ). The same authors also found 91% mortality associated with inadequate therapy, a much higher rate than our results (43%). The difference, however, might be explained by a different epidemiological situation at bacterial resistance levels.
Although in Klebsiella pneumoniae and Pseudomonas aeruginosa, five pairs of identical strains were noted in 10 patients, most isolated strains were unique and HAP may be characterized as endogenous. Despite the high proportion of MDR strains, clonal spread was not confirmed, with the exception of BCC. Thus, secondary colonization of patient's microflora during hospitalization is likely.
Four identical BCC cultures were identified as Burkholderia multivorans by the MALDI-TOF system. Since those were isolated within a very short period of time, they are likely to constitute a new epidemic strain of Burkholderia multivorans, similar to Burkholderia cenocepacia in patients with cystic fibrosis 13 .
CONCLUSION
Adequate empirically selected therapy must be based on the current knowledge of epidemiological situation in the region, but especially in the hospital and the particular department. The study confirmed higher mortality rates in the group of patients with inadequately selected initial antibiotic therapy. Most strains isolated in the study were unique. Thus, HAP may be characterized mostly as endogenous, with the source being the patient himself or herself. The study results suggest high-quality barrier nursing care. However, measures to prevent contamination of the airways by the patient's own flora must be considered. Four identical BCC cultures were identified as Burkholderia multivorans and clonal spread of the strains may be assumed.
